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THE USE OF ANTIBIOTICS VS. APPENDECTOMIES FOR 




Background: Appendicitis is the condition in which the appendix, a finger-length 
appendage located in the right lower quadrant (RLQ) of the abdomen, becomes inflamed 
due to a bacterial infection. Every year, nearly 300,000 cases of appendicitis are 
diagnosed at hospitals and clinics throughout the United States. In the U.S., the current 
standard of care for appendicitis is an appendectomy; surgery that completely removes 
the appendix from the body. Numerous studies in Europe, however, have demonstrated 
that antibiotics can be an equally safe and effective treatment for treating appendicitis. 
This clinical research study hypothesizes that antibiotics for intra-abdominal infections 
like appendicitis can be an effective treatment. 
Methods:  Patients that met eligibility were randomized to either antibiotic treatment or 
appendectomy treatment. If patients decided not to randomize, they had the option to join 
the Electronic Medical Record (EMR) cohort in which they could choose the treatment 
that they received. Patients in both cohorts were followed along via EMRs for the span of 
two years after initial treatment. Individuals who consented to the randomization group 
also received follow-up phone calls at specified points in time. 
Results: A total of 374 patients were approached between March 2016 – March 2018. 
100 patients consented to the randomization group and 118 patients elected into the EMR 
group. In the randomization group, 49 patients were randomized to appendectomy and 51 
	
	 vi 
were randomized to antibiotic treatment. 21 patients in the antibiotic treatment group 
(41.1%) returned back to the hospital within two years of their index visit for an 
appendectomy. From the EMR cohort, 109 patients chose to receive appendectomies, and 
9 patients received antibiotics.  
Conclusion: Treatment with antibiotics can serve as an alternative to surgery. However, 
due to the recurrence rate of 41% after two years, antibiotics should only be used as a 
means to delay permanent treatment. If a patient’s current situation is not immediately 
life-threatening, they should be granted the option to decide whether they would prefer to 
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Overview of the Appendix: 
  The appendix (Figure 1) is a worm-like, hollow, finger-sized tube attached to the 
large intestine on the lower right side of the abdomen. It sits at the junction of the small 













Figure 1. Visualization of the Appendix from Hoffman, Matthew  
“Picture of the Appendix” WebMD, February 18, 2017. Figure taken  
from WebMD displaying the location of the appendix in the human body. 
 
  The role that the appendix plays in the body is still unknown. Until recently, the 
appendix was thought to be an evolutionary remnant of the intestine that lacked any 
crucial daily function in the body (Kooij). In fact, removing an individual’s appendix 
does not prevent them from leading a normal life. Newer research, however, has 
suggested that the appendix may play a role in immune function, aiding our body’s 
immune system in rebalancing itself after a GI (gastrointestinal) disease (Kooij). One 
current prevailing theory for the appendix’s role in the body is as a storage system for 
good bacteria. Studies have shown that the appendix has many important interactions 
with intestinal gut flora, a complex community of microorganisms that live within the 
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digestive tracts of humans and other organisms (Kooij). Despite these new findings, 
surgical removal of the appendix has not been found to cause perceivable health 
problems in the long-term. 
 
Understanding Appendicitis: 
  Appendicitis is the inflammation of the appendix. It is the most common cause of 
acute abdominal pain requiring surgery (Jones). Over 5% of the U.S. population develops 
appendicitis at some point and every year nearly 300,000 individuals are seen in the 
emergency department because of the ailment (Jones). It occurs most often in children 
and young adults, but risk of rupture is highest in older adults (Jones). Many of the details 
of acute appendicitis are not yet understood. For example, researchers do not know why 
the appendix ruptures or why some patients recover without treatment while others do 
not. Although the specific causes of appendicitis are not fully understood, it is known that 
the infection is more likely to occur when the appendix becomes blocked by the stool, 
infected by a foreign body, or impacted by cancer (Ansari). Infections may also lead to 
blockage since the appendix swells in response to an infection in the body (Ansari). 
  When the appendix becomes inflamed and infected, this can lead to rupture, 
causing severe pain in the lower right quadrant of the belly. If left untreated, the swollen 
appendix can eventually burst and spread infectious material throughout the abdominal 
cavity, leading to peritonitis, an inflammation of the abdominal cavity that can be fatal if 
not treated with strong antibiotics (Ansari). Sometimes, a pus-filled abscess (an infection 
walled off from the rest of the body) forms outside the inflamed appendix. Scar tissue 
“walls off” the appendix from the remainder of the abdomen and prevents the spreading 
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of the infection (Ansari). An abscessed appendix can also perforate leading to peritonitis. 
Accompanying symptoms for appendicitis include pain near the navel/ upper abdomen 
that becomes more pronounced towards the lower right abdomen, nausea, vomiting, 
fevers, diarrhea, anorexia (loss of appetite), abdominal swelling and the inability to pass 
gas (Ansari). Other less common symptoms include painful urination, severe cramps, 
constipation or diarrhea (Ansari).  
 
Histology of the Appendix: 
 
 Histologically, the appendiceal wall (Figure 2) is similar to the wall of the colon. 
It consists of a mucosa, submucosa, muscularis externa and serosa (Kooij). The mucosa 
consists of columnar epithelium with enterocytes and goblet cells, a lamina propria and a 
muscularis mucosae (Kooij). The submucosa, alternatively, consists of connective tissue 
and is characterized by the presence of lymphoid follicles that extend from the 










Figure 2. Transverse Cross Section of Healthy Adult Appendix from: Kooij, I A 
  “Clinical and Experimental Immunology” Oct. 2016. Figure demonstrates a transverse 
  histological cross-section of the appendix. 1) Mesoappendix, 2) Muscularis externa, 3) 




  During appendicitis, histological changes occur including mucosal ulceration and 
infiltration of neutrophils in response to substances released at the site of inflammation, 
which eventually leads to perforation and serositis (Kooij). Studies using mice models 
have demonstrated an increase in the quantity of CD4+ and CD8+ T cells and a higher 
amount of FoxP3+CD25+ T cells when the appendix is inflamed (Watson). 
FoxP3+CD25+ cells have a regulatory function and show increased levels in young mice 
and in the absence of substances such as antibiotics (Watson). FoxP3+CD25+ cells help 
to regulate appendiceal inflammation by suppressing the cytokine production of 
intraepithelial lymphocytes (IELs) in the mucosa, thus mediating the inflammation 
(Smith).  
 B1 lymphocytes, also known as CD5+ cells, are found at higher levels in healthy 
appendixes in comparison to the rest of the gut (Somekh). In situations where the 
appendix is inflamed, CD5+ cells are also found at a high rate (Somekh). The function of 
CD5+ B cells is to produce IgM antibodies against a wide range of pathogens. The 
increase of CD5+ B cells and IgM antibodies could be explained by the simultaneous 
alteration in the composition of gut flora that accompanies acute appendicitis, thus 
making IgM antibodies necessary (Kooij). CD5+ B cells also produce anti-self-
antibodies and anti-inflammatory cytokines IL-10 which may also illuminate why they 







  Historically, appendicitis has been diagnosed on the basis of a patient’s “history 
and physical” alone, which has been found to have an error rate of up to 30% 
(Birnbaum). Today, physicians use a variety of imaging tests to diagnosis appendicitis 
including computed tomography (CT) scans, ultrasounds (US), and magnetic resonance 
imaging (MRIs). The costs of these tests vary widely based on an individual’s geography 
and insurance status. According to New Choice Health, a consumer-oriented healthcare 
marketplace that allows for patients to better understand their health care costs, the 
average cost of a CT scan for an uninsured patient ranges from $625 - $1,650 (New 
Choice Health). An ultrasound ranges from $110 - $280 and an MRI ranges from $700 - 
$1800 (New Choice Health). Although numerous studies have examined the accuracy of 
each of these imaging techniques to diagnose appendicitis, a universal agreed upon 
method of diagnosing appendicitis still does not exist.  
  Over the years, the CT scan has emerged as one of the most popular methods of 
diagnosing appendicitis. In a 22-year retrospective study of 2,108 patients with 
appendicitis, CT scan use was found to have increased more than 20-fold, while there 
was no statistically significant trend found for increased use of ultrasounds or MRIs 
(Repplinger). Research studies have suggested that CT scans offer a proven method to 
reduce the wrongful misdiagnosis of appendicitis, especially when compared to 
diagnosing appendicitis without any imaging tests (Kyuseok). Studies demonstrate that 
when no imaging is used, the negative laparoscopic surgery rate was 26.6%, compared to 
6.6% when CT was used (Repplinger).  
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  Other researchers have argued that due to the ionizing radiation concerns 
associated with CT scans, ultra sounds should become the standard imaging treatment for 
all ages and non-obese patients (with MRIs being used in only extreme cases or for 
pregnant women) (Debnath). No matter what imaging type is used, however, each 
method allows radiologists to view if there is a blockage in the appendiceal lumen, 
whether the appendix has become perforated, and if the appendix is inflamed. Certain 
distinguishing features that can be found during imaging such as appendicoliths have also 
been correlated with appendicitis. Appendicoliths, also called fecaliths, are hardened 
pieces of fecal matter that build up in the appendix. The presence of a fecalith is 
associated with earlier and higher rates of appendiceal perforation in pediatric patients 
and acute (non-perforated) appendicitis in adults (Ramdass). 
 Physicians typically conduct a series of lab tests to further confirm the diagnosis 
of appendicitis. Blood tests can show a high white blood cell count (a sign of infection), 
dehydration of fluids, and electrolyte imbalances. A urinalysis test can also help to rule 
out other conditions with similar symptoms such as urinary tract infections or kidney 
stones. For women, health care professionals often also order blood or urine samples to 












History of Appendectomies: 
 
  Appendectomies, the surgical removal of the appendix, have served as the 
standard treatment for appendicitis for more than a century. The first known successful 
appendectomy was performed in 1735 by Dr. Claudius Amyand, a surgeon at St. 
George’s Hospital. His patient was an 11-year-old boy named Hanvil Anderson whose 
appendix had become perforated by a pin that was swallowed (Shepherd). The surgery 
that led to the removal of the appendix (and the pin) was not actually due to a case of 
appendicitis. It instead occurred during the course of an operation for a scrotal hernia 
complicated by faecal fistula (an abnormal interaction between the small or large bowel 
and the skin).  
  Hanvil Anderson had been born with a scrotal hernia and suffered with it 
throughout his life. Dr. Amyand decided that the only method to remove the associated 
faecal fistula would be to also cure the hernia (Claude). As he was exploring the swelling, 
Amyand discovered that the appendix had been perforated by what he described as an 
“encrusted pin” (Claude). The surgeon separated the appendix from the surrounding 
tissues, removed the hernial sac and excised the fistula. After what he describes as a “half 
an hour” procedure without anesthesia (the discovery of general anesthesia did not occur 
until 1846) the first successful appendectomy was complete (Claude). Dr. Amyand 
documented this first appendectomy in his case report “Of an inguinal rupture with a pin 
in the Appendix Coed, incrusted with stone, and some observation on Wounds in the 
Guts” (Claude). Henry, thankfully, made a full recovery and was discharged a month 
later. Beyond serving as the first written record of an appendectomy, Dr. Amyand was 
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also the first to report acute pathological changes to Meckel’s diverticulum, a bulge found 
in the lower part of the small intestine that is frequently encountered during laparotomies 
(Shepherd). 
 The success of Dr. Amyand’s operation opened the door for future surgeons to 
begin surgically removing the appendix in needed cases. In the 1880s, surgical treatment 
for appendicitis especially began to pick up. The first recorded published study on 
appendicitis, entitled “Perforating Inflammation of the Vermiform Appendix” was 
produced nearly 100 years after the first appendectomy by Reginald Heber Fitz in 1886 
(Fitz). In the groundbreaking paper, Fitz analyzed 466 cases of abdominal disorders that 
previously had been diagnosed under a variety of diseases. He demonstrated that each of 
them involved one single culprit: A diseased appendix. In the paper, Fitz also coined the 
term appendicitis. Prior to this paper’s publication, dozens of different names had been 
used for what was thought to be a variety of diseases.  
In 1894, Charles McBurney described a new technique for the management of 
acute appendicitis; a method that is still used today called “open surgery” (McBurney). 
His technique represented the gold-standard for acute appendicitis until 1981, when Kurt 
Semm revolutionized the surgical field and performed the first laparoscopic 
appendectomy. Semm’s methods of laparoscopy have continued to expand, and 







  Today, appendectomies can be accomplished in one of two ways: 
laparoscopically (Figure 3) or via open surgery. Laparoscopic appendectomies 
(laparoscopic surgeries) are accomplished with three small incisions on the left lower 








Figure 3. Laparoscopic Appendectomy Procedure from:  
Gandhi Nagar, “Appendicitis Surgery Appendectomy”, June 2014. Figure 
demonstrates the process for a laparoscopic appendectomy. 
 
Alternatively, the operation can be accomplished using a single incision in a 
procedure called an open appendectomy. On average, operations typically take 30 
minutes to one hour.  
 Laparoscopic surgery has many advantages when compared to open surgery: 
reduced postsurgical pain, shorter hospital stays, and a faster return to normal activities in 
adults (Biondi). Studies have also shown that adults who receive a laparoscopic 
appendectomy have a better quality of life two weeks, six weeks, and six months after 
surgery (Biondi). However, a higher rate of intra-abdominal abscesses has been noted in 
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adults who receive laparoscopic appendectomies (Mosch). As with all surgeries, there are 
risks including bleeding, would infection, pain, scarring, and problems from anesthesia. 
  The financial burden of appendicitis is another factor. In 1997 alone nearly 3 
billion dollars were spent on appendicitis, with postoperative complications accounting 
for only half the hospital charges (Dieleman). Today, the total cost of those hospitalized 
in the United States has continued to grow and the sticker price of an appendectomy can 
vary dramatically. A California study conducted in 2009 found immense disparities in the 
bills of patients. The average cost of an appendectomy was $33,000, but payments ranged 
from as low as $1,500 to as high as $180,000 (Won).  
 
Appendicitis and Antibiotics: 
 
  Recently, researchers have begun revisiting the question “what is the best way to 
treat appendicitis?”, suggesting that antibiotics can be just as effective for treating acute 
appendicitis as surgery.  
  The idea of using antibiotics to treat appendicitis was first tested, unintentionally, 
in Navy personnel who developed appendicitis while at sea. During the Cold War, men 
on submarines could not receive appendectomies as they were unable to resurface for a 
period of months. Instead, antibiotics were used as a way to mitigate symptoms of 
appendicitis. They were for the most part successful and allowed Navy men to continue 
their daily functions. Current Navy protocols still advocate the use of antibiotics for 
sailors at sea without access to medical facilities. 
Over the past few decades, studies have confirmed that these anecdotes are not 
just myth but have sound scientific rational. In the 1990s, European researchers began 
	
11 
challenging the notion that surgery is the best option by showing that antibiotics alone 
can work to treat appendicitis. In a meta-analysis of six randomized trials that included 
1,724 randomized adult patients, it was concluded that there was a high level of success 
for patients who received antibiotics (Findlay). Nearly 91% were successfully treated in 
the short term and 71% of patients escaped having to receive an appendectomy after 1 
year (Findlay). A 2015 study reported in JAMA also found a lower rate of 
postinterventional complications (which included clinical wound incisions, incisional 
hernias, abdominal pain and obstructive symptoms) in the antibiotics group compared to 
those that received open surgical procedures (Tanaka). Receiving antibiotics, however, 
meant that surgeons had the potential to miss new problems such as an appendiceal 
neoplasm, which could have been identified if the patient had undergone surgery. In fact, 
in the meta-analysis it was found that out of 843 patients, 5 were found to have an 
appendiceal neoplasm (0.59%) (Findlay).  
Many of the studies that have previously examined antibiotics vs. appendectomies 
have had limitations preventing them from being rigorous. Some did not standardize 
imaging for diagnosing appendicitis, which causes patients to be included who most 
likely have complicated appendicitis as well as patients that may have been misdiagnosed 
with appendicitis (Ethers). Others did not have the option of laparoscopic surgery, had 
inadequate antibiotic regimens, or featured short follow-ups (Ehlers).  
 Many of the earlier studies on appendicitis were also conducted outside of the 
United States, where care may be delivered in ways that are not consistent with practices 
in the United States. For example, the European studies required patients to remain in the 
	
12 
hospital for multiple days in order to receive their antibiotic treatment instead of allowing 
patients the option to be discharged home. Limitations such as these could be a reason 
why antibiotics have not been used more frequently as treatment in the United States. 
Further research must be done on diverse, multiethnic patients with different diets in 
order to confirm whether antibiotic treatment should be used. This study seeks to 
compare treatment outcomes for patients that receive antibiotics versus appendectomies 
in the United States and understand from their perspective whether their treatment 

































 Over the years, many studies have attempted to understand whether antibiotics 
can be as efficacious as surgical interventions for the treatment of acute uncomplicated 
appendicitis. Many of these studies, however, have had limitations that have prevented 
them from accurately being generalizable to a United States population.  
This paper seeks to compare clinical outcomes and patient reported outcomes in 
patients randomized in the United States to antibiotics or appendectomy in order to better 
understand the best treatment methods for appendicitis. Patients were followed along for 

































 This study recruited patients from a hospital in the United States that were found 
to have a diagnosis of appendicitis between March 2016 to March 2018.  
 
Inclusion and Exclusion Criteria: 
 
  To be included in the study, patients needed to meet a certain amount of inclusion 
criteria. Patients needed to… 
1. Be an Adult greater than 18 years of age 
2. Be given a clinical diagnosis of acute uncomplicated appendicitis (AUA) 
established by a clinical care team. (AUA is defined by the usual signs and 
symptoms of appendicitis and imaging findings). Certain findings were not 
considered AUA and would exclude enrollment including: 
- If patients were found to have diffuse peritonitis during a clinical exam. 
- If on imaging exams, patients were found to have free air, an abscess 
(walled off fluid collection), significant amounts of intra-abdominal fluid 
in the abdomen or if the inflammation/ adjacent organ involvement could 
be seen as a contraindication to appendicitis. 
3. Have their clinical diagnosis supported by a radiological test such as a CT 
(computed tomography) scan, ultrasound (US), and/or magnetic resonance 
imaging (MRI).  
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4. Have the ability to provide written, oral or electronic informed consent in English 
or Spanish. 
If patients met any of the following exclusion criteria, they were marked as screen fails to 
the study:  
1. Unable or unwilling to return or be contacted for clinical follow-up visits and/or 
research surveys via phone. 
2. Currently incarcerated in a detention facility or in police custody at 
baseline/screening. 
3. Evidence of severe sepsis or septic shock.  
4. Conditions with altered immune response or at risk for bacterial seeding. 
5. Immunodeficiency.  
6. Uncompensated liver failure. 
7. Taking medication to treat active inflammatory bowel disease (e.g., Crohn's, 
ulcerative colitis). 
8. Malignancy, not in remission (ongoing chemotherapy patients were excluded). 
9. Pregnant or expectation of becoming pregnant in the 30 days following 
baseline/screening. 
10. Expected concurrent hemodialysis, peritoneal dialysis, or treatments using 
indwelling venous catheters. 
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11. Recent (within 90 days) placement of surgical implant (e.g., pacemaker, joint 
prosthesis, mechanical valve). 
12. Indwelling Left Ventricular Assist Device (LVAD). 
13. Patients with another infection (e.g., pneumonia, urinary tract infection) that 
requires treatment with another antibiotic at baseline/screening. 
14. Concurrent illness that would otherwise mandate hospitalization outside of 
appendicitis and associated symptoms at baseline/screening. 
15. Imaging findings of any of the following: 
- Appendiceal soft-tissue mass. 
- Imaging features of mucocele or tumor. 
- No CT evidence of appendicitis. 
- Concern for carcinomatosis on imaging. 
16. Severe allergy or reaction to all of the proposed antibiotics (see Table 1). 
17. Prior enrollment in the study or other investigational drug or vaccine while on 
study treatment. 
18. Abdominal/pelvic surgery in the past month. 
19.  More than seven hours transpired since the patient received the first parenteral 





  Upon arrival to the hospital, patients who were determined by the TACS (Trauma 
and Acute Care Surgery) team to have appendicitis based on the above inclusion and 
exclusion criteria were approached by a research coordinator. Patients were shown a 
video that described the causes and symptoms of appendicitis, explained the treatment 
differences between surgery and antibiotics, and reviewed the risks of both treatment 
options.  
  One of two videos were shown to patients. On odd numbered days, a video was 
displayed noting that when given antibiotic treatment, “1 in 4 participants may have to 
return to the hospital due to additional signs and symptoms of appendicitis.” On even 
numbered days, patients were shown a video that described that “3 in 4 participants were 
found to not have any further complications with appendicitis when given antibiotic 
treatment.” The purpose of these video differences was to mitigate potential bias that 
patients may have found from hearing the presentation of one statistic versus another. 
  Once patients were shown the video and provided an opportunity to ask questions, 
they had the option to become a part of the randomization cohort, EMR (electronic 
medical record) cohort, or decline participation in the study. Patients in the randomization 
cohort were equally randomized to either surgery or antibiotics via a computer. Patients 
in the EMR cohort had the opportunity to choose which treatment that they wanted to 
receive after a discussion with the surgeon. No matter what option was chosen 
(randomization or EMR), patients were followed along via electronic medical records for 
the span of two years. Patients in the randomization cohort, however, also received 
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additional phone-based follow-up questions. They were not required to come back to the 
hospital or clinic to complete the study. 
 
Patients Randomized to Appendectomy Treatment: 
  Patients in the appendectomy arm received either open or laparoscopic surgery 
depending on patient and surgeon preference. Prior to their operation, patients received 
one dose of antibiotics according to currently accepted standards. 
 
Patients Randomized to Antibiotic Treatment: 
  Patients in the antibiotics arm received a total of 10 days of antibiotics. During 
their hospital stay, patients received a minimum of 24 hours of IV antibiotics that could 
be dosed in 8 hour, 12 hour or 24 hour regimens (with or without simultaneous oral 
antibiotics).  
  Following hospital discharge, patients were prescribed oral antibiotic medications 
and were expected to take them for a total of 10 days. Patients were offered a treatment 
routine of antibiotics based on the guidelines published by the Surgical Infection Society 
and the Infectious Diseases Society of America (Solomkin). Accepted “single IV 
antibiotic options” included cefoxitin, ertapenem, moxifloxacin, tigecycline, or tiarcillin-
clavulanic acid. Accepted “dual IV antibiotics” included metronidazole in addition to 
either cefazolin, cefuroxime, ceftriaxone, cefotaxime, ciprofloxacin or levofloxacin. The 




Table 1. List of Approved Antibiotic Treatments 
 
EMR Cohort - Patient Follow-Up:  
  For patients in the EMR Review cohort, information was only collected from 
medical records. These patients were not required to answer any survey questions 
electronically or over the phone. Instead, patients consented to allow information about 
themselves to be used such as their health status before and after initial appendicitis 
treatment date, age, insurance status, and smoking history. Other information from the 
medical records collected included medical history, lab and imaging tests, current 
outpatient medications, information about treatment hospitalizations and clinical 
outcomes after treatment. Data was accessed for these patients at 4 weeks after the index 




Condition Antibiotic Treatments Surgical Options 







2. Dual Antibiotics: 
Metronidazole + Cefazolin 
Metronidazole + Cefuroxime 
Metronidazole + Ceftriaxone 
Metronidazole + Cefotaxime 
Metronidazole + Ciprofloxacin 
Metronidazole + Levofloxacin 
1. Laparoscopic Surgery 
2. Open Surgery 
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 Table 2. EMR Patient Cohort Follow-up Schedule 
 
 Randomization Cohort - Patient Follow-Up:  
  For patients in the randomization cohort, phone calls were made to the patients at 
1 week, 2 weeks, 4 weeks, 3 months, 6 months 9 months, 1 year, 18 months and 2 years 
(Table 3). Phone calls and questionnaires consisted of questions about new symptoms 
related to appendicitis such as if patients returned to a physician due to signs and 
symptoms of appendicitis, how much time and money their medical care cost, work 
productivity, pain level, gastrointestinal health, and overall quality of life. A full list of 
questions can be found in Table 5. Patients also completed a Baseline Questionnaire 
before their treatment was implemented which collected key patient reported outcome 
metrics.  
 




 EMR Patients Cohort` 
Enrollment 
Visit 
Follow-Up Surveys/ Chart Access 
Year 1 Year 2 
First 4 Weeks Month 
1 2 4 12 24 
Baseline N/A N/A X N/A X 
 Randomized Patients Cohort` 
Enrollment 
Visit 
Follow-Up Surveys/ Chart Access 
Year 1 Year 2 
First 4 Weeks Month 
1 2 4 3 6 9 12 18 24 




  Data was captured using Research Electronic Data Capture (REDCAp), a web 
application dedicated to building and managing only surveys and databases. REDCap 
allowed for information for each patient to be stored in a central location and later 
exported to a Microsoft Excel Spreadsheet for data analysis and comparison. 
  Unfortunately, follow-up call data to randomization patients were only available 
for the 1 week and 2 week timepoints. EMR records for randomized patients were also 
accessed at 4 weeks, 1 year, and 2 years. Data regarding recurrence rate, surgical 

















 In total, 597 patients were screened for consideration into the study between the 
period of March 2016 – March 2018. From those approached, 200 did not meet the 
inclusion criteria for reasons such as being younger than 18, being pregnant, and having a 
immunodeficiency. 121 patients declined further approach and preferred only to receive 
surgery. 8 preferred antibiotic treatment only or were recommended by their physician to 
receive antibiotics due to a contraindication to surgery. 46 were screened out for various 
other reasons. 5 additional patients were withdrawn throughout the two-year time period 
due to disinterest in the study, an inability for the patient to further participate, or death.  
  100 patients were randomized in total. 49 received an appendectomy and 51 
received antibiotics. Within the antibiotic group, it was found that 21 (41%) were 
crossovers and returned to the hospital for surgical intervention at some point. 118 
additional patients consented to the EMR cohort. In that group, 109 patients decided to 
receive an appendectomy and 9 patients elected into the antibiotic group, showing a clear 
preference among patients and surgeons for surgical intervention. None of the patients 
who chose to receive antibiotics in the EMR group crossed over to surgery. Figure 4 




Figure 4. Overview of Randomization and EMR cohort patient outcomes. Figure 
demonstrates the different outcomes for patients participating in the study. 
 
Randomized Patient Results: Demographics and Baseline Questionnaire  
Out of the 100 patients placed into the randomization cohort, 40 individuals were 
women and 60 were men. The antibiotic cohort consisted of 27 men and 24 women while 
the appendectomy cohort consisted of 33 men and 16 women. The average age for both 
men and women in the randomization group was 44, making the overall average age of 
patients in the randomization cohort 44. The youngest patient randomized to the study 
was 20 years old and the oldest patient was 75. Demographically, a majority of patients 
in the randomization cohort identified as White (84%). The remaining individuals that 
were randomized included 3% African American patients, 4% American Indian patients, 
6% Asian American patients, and 3% Native Hawaiian patients. 
Once patients were approached and randomized, they were instructed to complete 
a “Baseline Questionnaire” which gauged a patient’s beliefs about their health status. 
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Table 4. Randomized Cohort Baseline Questionnaire - Summary of Key Results 
 None Mild Moderate Severe Very 
Severe 
In the past 7 days how 
intense was your pain at its 
worst? 
1 6 27 36 29 
In the past 7 days how 
intense was your average 
pain? 
7 32 42 15 1 
What is your level of pain 
right now? 
3 24 51 17 5 
In the past 7 days how would 
you rate your pain on 
average?  
(Scale of 0 – 10) 
Average Answer = 4.4 
Rate how you are feeling 
today on a scale of 0 – 100: 
(Sliding scale rating) 
Average Answer = 62 
Before coming to the hospital today, did you have any of the following symptoms? 
 Yes No 
Fever or shaking chills 41 57 
Nausea or vomiting 57 32 
No hunger/ appetite 58 42 
Belly pain 95 4 
Diarrhea 24 76 
In 1 month, do you expect 
you will be feeling like your 
usual self before you had 
your appendicitis attack? 
86 2 
Please indicate how successful you believe each treatment 
option could be in treating your appendicitis by choosing a 
number on a scale of 0-10.  
0 = Unsuccessful, 5 = Unsure, 10 = Completely Successful 
Appendectomies: 
    Average: 9.25 
Antibiotics 
    Average: 7.7 
Please indicate how safe you believe each treatment option 
could be in treating your appendicitis by choosing a number 
on a scale of 0 -10  
0 = Unsafe, 5 = Unsure, 10 = Completely Safe 
Appendectomies: 
     Average: 8.4 
Antibiotics: 
    Average: 8.2 
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 All of the Baseline Questionnaire questions were either self-reported or completed 
along with the assistance of a research coordinator. Only individuals who randomized 
into the study were required to complete the Questionnaire. Surveys were completed 
before final treatment (surgery or antibiotics) was conducted. As shown in Table 4, upon 
arrival to the hospital, 65% of patients rated their pain at its worst as severe or very 
severe, 74% rated their average pain as mild or moderate and 75% rated their current pain 
as mild or moderate. When asked to rate their pain on a scale of 0 - 10, patients 
responded that their average pain level was 4.4. The most common symptom of 
appendicitis that patients demonstrated was belly pain that often radiated to the right 
lower quadrant. 95% of patients reported experiencing abdominal pain. A lack of appetite 
and nausea/ vomiting were also relatively common with 58% and 57% of patients 
experiencing these symptoms respectively. Most patients (97% of respondents) also 
expressed belief that within one month after their treatment, they would be feeling back 
to their normal selves.  
Patients were also asked about the safety versus effectiveness of the antibiotic 
versus appendectomy treatments. On average, patients gave antibiotics an average score 
of 7.7/10 for their belief that antibiotics could successfully treat appendicitis. Conversely, 
patients gave the appendectomy treatment a 9.25/10 rating, suggesting that patients 
believe that surgery represented a more effective method of ensuring that appendicitis is 
treated effectively. When it comes to safety, patients gave appendectomies an 8.4 rating 
compared to an 8.2 rating for antibiotics. These results suggest that patients participating 
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in this study may have a slight bias for surgical intervention, but still see antibiotics as a 
viable option for their treatment. 
In order to diagnose patients with appendicitis, every patient first received an 
imaging test. 97 patients received a CT scan and 4 received ultra sounds (1 patient 
received both an ultrasound and CT scan). No patients received an MRI. The average 
appendiceal diameter in the total randomization cohort was 12cm. Once treatment was 
initiated, patients either received surgery or were provided their first 24/hour dose of 
antibiotics. Within the first 72 hours of treatment, 2 patients in the surgical group 
experienced adverse events. Both patients had postoperative ileus as a result of the 
laparoscopic surgery, requiring them to remain in the hospital for additional days until 
they were well enough to return home. From the antibiotic group, 2 patients that had 
randomized to antibiotics crossed over within 48 hours of their hospital visit due to 
worsening conditions and ineffectiveness of antibiotics. One additional patient changed 
their mind and decided they wanted to receive surgery instead of having to take 
antibiotics. 
From the patients who had to go through surgery, all 52 (100%) of the procedures 
were conducted via laparoscopic videoscope. During the operation, it was found that 4 of 
the patients (8%) actually did not have acute appendicitis. 6 patients had purulent fluid in 
or near their appendix, 1 had periappendiceal fluid, 4 had abscesses, 5 had gangrene, and 
5 had perforated appendixes. After the pathology was received, it was further discovered 
that an appendiceal carcinoma was discovered for 3 patients (5%) who underwent 
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surgery. This is much higher than previously reported statistics stating that malignancies 
in the appendix were found in 0.5%-1% of appendectomy surgeries (McCusker). 
 
Randomized Patient Results - Week 1 Follow-Up Surveys: 
  Patients in the randomized group were contacted via phone after both 1 week and 
2 weeks to follow up with their progress. At both time periods, patients were asked the 
same questions (Table 5). Questions revolved around whether a patient had to return to 
their provider for additional care, if they received any additional courses of antibiotics for 
appendicitis, if they had experienced any symptoms such as pain, tenderness or fever/ 
shaking chills, and whether they had to miss any days of work since they initially went to 
the emergency room. The full list of questions can be found in Table 5. 
 After the Week 1 Follow-up phone calls, it was determined that 6 patients from 
the antibiotic cohort returned back to the hospital due to signs and symptoms of 
appendicitis. 1 of these patients requested and received an additional course of antibiotics 
instead of surgery while 4 other patients crossed over from the antibiotic to 
appendectomy cohort. The most common reason for crossing over was reoccurring 
appendicitis symptoms. In the appendectomy group, 8 patients reported concerns with 
their wound after surgery and one patient returned back to a medical provider for 






Table 5. Example Week 1 & 2 Call Interview Guide 
Appendicitis Treatment 
1. Your appendicitis was initially planned to be treated with appendectomy. Did you have 
this surgery? 
2. Since the initial treatment of your appendicitis with antibiotics, have you had to have an 
additional course of antibiotics for appendicitis? 
3. Since your last follow-up with us, have you had a return visit to a medical provider for 
signs and symptoms related to your appendicitis?  
4. Have you had any concerns related to your wound from your appendectomy surgery? 
Signs and Symptoms of Appendicitis 
5. Since your last follow-up, have you experienced… 
   - Pain in your lower right abdominal area? 
   - Tenderness when your lower right abdomen is pressed? 
   - Fever or body temperature above 101F or shaking chills? 
Pain Intensity 
6. Have you had any other concerns that you want to share with us that might be related to 
signs and symptoms of your appendicitis? 
7. In the past 7 days, how intense was your pain at its worst?  
    (Had no pain, mild, moderate severe, very severe) 
8. In the past 7 days how intense was your average pain? 
  (Had no pain, mild, moderate severe, very severe) 
9. What is your level of pain right now? 
  (Had no pain, mild, moderate severe, very severe) 
Return to Work Information 
10. Did you miss any days of work since you initially went to the emergency room for 
signs and symptoms of your appendicitis? 
11. Did you lose any wages due to signs and symptoms of your appendicitis since you 
initially went to the emergency room, including follow up care? 
12. Did someone who helps care for you miss school or work due to signs and symptoms 
of your appendicitis since you initially went to the emergency room? 
Work Productivity 
13. During the past 7 days how many hours did you miss from work because of your 
health problems? 
14. During the past 7 days how much did your health problems affects your productivity 
while you were working? 
15. During the past 7 days how much did your health problems affect your ability to do 





 Week 1 Follow-up phone calls allowed for patients in both groups to be asked 
questions about any lingering signs and symptoms of appendicitis. One patient from the 
antibiotic cohort and three patients from the appendectomy cohort were unable to be 
reached. In the antibiotic group, 22 patients (44%) stated that they continued to have pain 
in their lower right abdomen, 21 patients (42%) reported continued tenderness when their 
abdomen was pressed, and 5 (10%) reported subjective fevers. Other concerns they raised 
included back pain, a sharp pain felt when active, dizziness/ nausea, and more frequent 
urination. For appendectomy patients, 23 (45%) felt continued pain in their lower right 
abdomen, 23 (45%) experienced tenderness when their abdomen was pressed, and only 3 
(6%) reported fevers. Additional concerns these patients raised were that they had bruises 
on their abdomen, blocked stomach stools, tenderness on the drain side, abdominal pain, 
and diarrhea.  
 Patients were also asked about their pain ratings over the last 7 days using a scale 
of “no pain, mild pain, moderate pain, severe pain, and very severe pain.” When patients 
in the antibiotic cohort were asked the question “what was your pain at its worst,” 9 
participants (22%) reported not having any pain. 24 patients (58%) stated that they had 
either mild or moderate pain while only 8 patients (19%) said they had severe or very 
severe pain. From the appendectomy group 0 patients reported not having pain, 35 
patients reported experiencing mild or moderate pain (69%), and 16 (31%) reported 
severe or very severe pain. Regarding “average pain,” 13 antibiotic patients (31%) 
reported having no average pain, 28 (55%) reported having mild or moderate pain, and 0 
reported having severe or very severe pain. From the appendectomy group 5 patients 
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(9.8%) reported no average pain, 43 (84%) reported mild or moderate pain, and 3 (6%) 
reported severe or very severe average. Lastly, patients were asked about their current 
pain levels. 29 patients (70%) from the antibiotic cohort claimed they had no pain, 11 
(27%) reported mild or moderate pain, and 1 patient (2.4%) reported severe or very 
severe pain. From the appendectomy group 28 individuals (55%) claimed not having 
pain, 23 (45%) had mild or moderate pain and 0 had severe or very severe pain. The self-
reported pain rating from patients seems to suggest that antibiotic treatment has the 
ability to mitigate pain to a higher degree than surgery - at least early on in the treatment 
process. These results are further visualized below in Figures 5 and 6. 
  Another crucial piece of data that was collected was the impact treatment type had 
on a participant’s ability to continue normal daily functions both at work and at home. 
Patients were asked how much work they missed due to their appendicitis treatment and 
how their health problems may have impacted their ability to do work at a job. On 
average, a patient who was randomized to the antibiotic treatment missed 19 hours of 
work. On a scale of 0-10 they reported that their health problems had affected their work 
at a job at about a 2.29 and work other than work at a job at about a 3.27 (where 0 meant 
health problems had no effect on their daily activities and a 10 meant that their health 
problems completely prevented them from accomplishing their daily tasks). Conversely, 
patients from the appendectomy group reported that they missed an average of 32.4 hours 
of work and that their work at their job was impacted at about a 4 while work other than 
work at a job was impacted at 5.28. 
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Figure 5. Patient reported continued symptoms 1 week after index hospital visit for 
Antibiotics versus Appendectomy treatment.  
 
Figure 6. Patient reported pain ratings 1 week after index hospital visit for Antibiotics 
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Randomized Patient Results - Week 2 Follow-Up Surveys: 
  Week 2 Follow-up phone calls were conducted in the exact same manner as Week 
1 calls. Three patients from the antibiotic cohort and four patients from the appendectomy 
cohort were unable to be reached. Overall, 12 patients returned back to the hospital from 
the antibiotic cohort due to signs and symptoms of their appendicitis, but no additional 
participants crossed over to surgery. 13 patients from the appendectomy cohort returned 
back to the hospital with signs and symptoms of appendicitis. Two appendectomy 
patients were found to have experienced adverse events during their visit. One patient had 
a surgical site infection while the other was given a new diagnosis of Stage II appendiceal 
carcinoma. 
  In the antibiotic group, 10 patients (21%) stated that they continued to have pain 
in their lower right abdomen, 10 patients (19%) reported continued tenderness when their 
abdomen was pressed, and 2 (4.2%) reported subjective fevers. For appendectomy 
patients, 16 (35%) felt continued pain in their lower right abdomen, 10 (22%) 
experienced tenderness when their abdomen was pressed, and only 1 (2.1%) reported 
fevers. Additional concerns these patients raised were ongoing aches, pain in the 
stomach, diarrhea, nausea, and vomiting.  
 Reported pain ratings were all improved from the previous week. When patients 
in the antibiotic cohort were asked the question “what was your pain at its worst,” 30 
participants (64%) said they did not have any pain. 15 patients (32%) stated that they had 
either mild or moderate pain and only 2 patients (4.2%) said they had severe or very 
severe pain. From the appendectomy group, 25 patients reported not having pain (54%), 
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18 patients reported experiencing mild or moderate pain (39%), and 3 (6.5%) reported 
severe or very severe pain. 28 antibiotic patients (61%) reported having no average pain, 
17 (37%) reported having mild or moderate pain, and 1 (2.1%) reported having severe or 
very severe pain. From the appendectomy group 28 patients (61%) reported no average 
pain, 17 (84%) reported mild or moderate pain, and 1 (2.1%) reported severe or very 
severe average. Lastly, patients were asked about their current pain levels. 42 patients 
(89%) from the antibiotic cohort claimed they had no pain, 5 (11%) reported mild pain, 
and 0 patients reported moderate, severe or very severe pain. From the appendectomy 
group 38 patients (83%) claimed they had no pain, 8 (17%) reported mild or moderate 
pain, and 0 patients reported severe or very severe pain. The self-reported pain rating 
from patients seem to suggest that when antibiotic treatment works for patients, it 
alleviates the pain more quickly and to a greater degree. These results are shown in a bar 
graph visualized below in Figures 7 and 8. 
  Patients were once again asked how much work they missed due to their 
appendicitis treatment and how their health problems may have impacted their ability to 
do work at a job. On average, a patient who was randomized to the antibiotic treatment 
missed 10.3 hours of work. On a scale of 0-10 they reported that their health problems 
had affected their work at a job at about a 1.625 and work other than work at a job at 
about a 2. Patients from the appendectomy group reported that they missed an average of 
6.5 hours of work and that their work at their job averaged to 1.6 while work other than 
work at a job averaged to 1.71. 
	
34 
Figure 7. Patient reported continued symptoms 2 weeks after index hospital visit for 
Antibiotics versus Appendectomy treatment.  
 
Figure 8. Patient reported pain ratings 2 weeks after index hospital visit for Antibiotics 
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Patient Results – Week 4 , Year 1 and Year 2 EMR Reviews: 
 Rather than being conducted by phone, the Week 4, Year 1 and Year 2 Electronic 
Medical Record reviews were completed by collecting data from patient’s medical 
records. Patients that consented to the EMR cohort (as described previously) only had 
their data collected after 4 weeks and 2 years. Collected data points included details such 
as whether the patient had to have an appendectomy, if the participant experienced any 
post-treatment adverse events following index hospitalization and if unplanned 
(re)operative intervention occurred. 
 For the Week 4 EMR, it was found that one patient from the antibiotic 
randomization cohort had a mild/moderate antibiotic reaction as evaluated by a clinician. 
From the appendectomy randomization cohort, 2 patients returned to the hospital with 
events related to their treatment. The first patient was found to have an intrabdominal 
abscess after having been initially randomized to the antibiotic cohort and crossing over 
to surgery. The second patient returned and was treated for a localized skin infection. 
After 4 weeks, one patient from the EMR only cohort developed an ileus following 
appendectomy surgery while another developed clostridium difficile. 
 After 1 year for patients in the randomization cohort, it was found that 12 
additional patients had crossed over from the antibiotic cohort and had to have an 
appendectomy. All 12 patients returned to the hospital due to recurrent symptoms similar 
to their index appendicitis visit. One particular participant had 3 total appendicitis return 
visits and even tried an additional dose of antibiotics, but eventually had to still receive 
an appendectomy. Another patient that had originally been randomized to the antibiotic 
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cohort and crossed over to surgery was found to have an appendiceal carcinoma during 
the pathology, highlighting some advantages the surgery may hold for patients. 
 By year 2, 1 more patient crossed over from antibiotics to surgery, bringing the 
total amount of patients who returned to the hospital after 2 years to 21. Out of the 
original group of 49, this represented a 41% recurrence rate for patients that had received 
antibiotics. The average amount of time that it took for a patient to return to the hospital 
after initial treatment with antibiotics was 178.4 days. None of the 9 patients that 
voluntarily chose to participate in the antibiotic treatment in the EMR only cohort 
developed recurrent appendicitis symptoms requiring them to return back to the hospital. 
The overall differences between surgical and antibiotic groups are listed in Table 6. 
 
Table 6. Differences between Surgical vs. Antibiotic Group Outcomes 
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operative complications 









 In the past decade, interest in treating acute appendicitis with antibiotics has 
continued to grow. Previous research discussing the efficacy of antibiotics have, for the 
most part, been conducted outside of the United States in Europe, where antibiotics 
represent a first-line therapy. This study attempted to determine whether clinical 
outcomes and patient reported outcomes in United States patients randomized to 
antibiotics or appendectomy were efficacious enough to offer antibiotics as a standard 
treatment for appendicitis.  
 Ultimately 21 of the 49 patients in the antibiotic group (41%) underwent 
appendectomy after 2 years of follow-up. A majority of the patients (20/49, 40%) 
experienced recurrent appendicitis within 1 year of their baseline visit. None of the 
patients that re-developed appendicitis after being treated with antibiotic had any 
additional complications due to their delay in surgery. The qualitative pain ratings from 
patients during the Week 1 and Week 2 follow-up phone calls suggest that patients in the 
antibiotic cohort felt better more quickly compared to their counterparts in the 
appendectomy cohort. Patients who received the antibiotic treatment also spent less time 
away from work compared to those in the appendectomy cohort after the first week of 
treatment (19 hours for antibiotic patients versus 32.4 hours for appendectomy patients). 
These findings suggest that antibiotics can be a feasible treatment for patients wishing to 
delay surgery. It is important to note that based on the data, antibiotics should not serve 
as a long-term solution for appendicitis, but rather as a means to delay treatment of 
appendicitis until a later time. 
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 Prior studies that have looked at antibiotic treatment of appendicitis had various 
approaches to diagnosing appendicitis, differing study eligibilities, and diverse treatment 
administration methods. Some diagnosed appendicitis by only using clinical methods and 
did not rely on imaging devices (Hansson). One of the important changes that was made 
in this study compared to previous studies was to ensure that diagnosis of appendicitis 
was confirmed by radiographs such as CT, US and MRI scans. Despite the use of these 
more accurate visualizing tools, 4 of the patients (out of the total 51 patients who were 
randomized to appendectomy) were still found not to have had acute appendicitis at all. 
The increased accuracy for diagnosing patients with appendicitis may explain why this 
studies reoccurrence rate of 41% is higher than that found in other studies. Previous 
studies have found recurrent appendicitis rates of as low as 14% for antibiotic patients 
after 1 year (Salmien). Studies that did not screen patients with imaging may have 
accidently enrolled patients without appendicitis to the antibiotic cohort, meaning they 
were unnecessarily treated with antibiotics.  
 One commonly cited study is the APPAC study, in which 6 hospitals randomized 
530 patients between the ages of 18 to 60 years old with CT confirmed uncomplicated 
acute appendicitis to antibiotics or appendectomy (Hansson). In this study, 39% of 
patients randomized to antibiotics had an appendectomy by 5 years, a figure that closely 
matches the one determined in this study (Hansson). However, the approach used in this 
study differed from the APPAC in a number of ways. First, in the APPAC study, patients 
were excluded if they were older than the age of 60, had a perforated appendix, or had an 
appendicolith. By not including these patients, the generalizability of the study was 
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significantly reduced. This study attempted to include patients who presented with the 
most common type of appendicitis, which included patients older than 60, individuals 
with perforations, and patients who had appendicoliths. Secondly, the APPAC study was 
conducted in Finland, where the patient population and diet are vastly different from 
those of the United States. Having a diverse patient population is extremely important to 
guarantee that the data can be extrapolated into different situations. 
  The complication rate of appendectomies in this study resulting from adverse 
events (due to issues such as post-operative ileus, surgical infections, etc.) was 16% while 
the complication rate of antibiotics was 2%. Currently, one of the ways surgical 
complications are kept low is by using laparoscopic surgery as opposed to open surgeries. 
The low complication rate found for the antibiotic group means it may be a suitable 
alternative in communities that are resource strapped and do not have access to the 
machinery to conduct laparoscopic surgery. Surgical intervention does have advantages 
that should not be overlooked. As noted in this study, 3 patients were found to have an 
appendiceal carcinoma. Surgery provides the opportunity for surgeons to find and 
diagnose life-threatening cancer diagnosis.  
  This study had several limitations. First of all, the number of recruited patients 
was small and prevented this study from being robust and accurate. Due to the small 
sample size of patients, it was not possible to complete “sub-group” analyses. Future 
studies should recruit patients from geographically and demographically diverse locations 
throughout the United States which would allow for better subgroup analyses on the basis 
of ethnicity, age, insurance status, gender, and other defining characteristics. Patient 
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Reported Outcomes could then be tailored to understand, for example, whether an 
uninsured patient would have a different preference for antibiotics or surgery when 
compared to a patient that is insured and will have to pay less out of pocket costs.   
Additionally, previous studies have found an association between appendicoliths 
and appendicitis recurrence (Shindoh). Unfortunately, not enough patients within the data 
set presented to the hospital with an appendicolith in order to explore the validity of this. 
Future studies will have to recruit additional patients to ensure that a statistically 
significant group of patients can determine if there is a correlation. 
 
Conclusions: 
  For patients initially treated with antibiotics for uncomplicated acute appendicitis, 
the likelihood of recurrence within 2 years was 41%. Due to the low pain ratings and low 
rates of complication, antibiotic treatment is a feasible short-term alternative to surgery 
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